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(54) Process for the preparation of pyrazolo [4,3-d] pyrimidin-7-ones-3-pyridylsulphonyl 
compounds and intermediates thereof 

(57) A process is provided for the preparation of 

compounds of formula (I) herein comprising reacting a 

compound of formula (II), (III) or (IV) in the presence of 

"OR and a hydroxide trapping agent or in the case of . . : : ... : - ,. : 

compounds of formula (IV) reacting in the presence of 

an auxiliary base and a hydroxide trapping agent (i.e. ' 

OR is substituted by the auxiliary base), wherein X is a ... ... . .. 

leaving group and R 1 to R 4 are as defined above. 
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Description 

[0001] This Invention relates to a series of pyfBzolo[4,3-d]pyrimidin-7-ones-3-pyridy (sulphonyl compounds of for- 
mula I (as defined below) and intermediates thereof. More notably, most of the compounds of interest are inhibitors of 

5 type 5 cyclic guanosine ^'-monophosphate phosphodiesterase (cGMP PDE5) and have utility in a variety of thera- 
peutic areas (such as male erectile dysfunction). Particular compounds of interest are 1-ethyl-4-{5-[3-ethyl-6,7-dihydro- 
7-oxo-2-(2-pyridylmethyl)-2H-pyrazolo[4,3-d^ (herein- 
after compound of formula IA) and ( R )-1-etr^l^-[5-(3-ethyl-67-dihydro-2-methyl-7-oxo-2H-pyrazolo[4 l 3-d]pyrimidin- 
5-yl)-6-(2-methoxy-1-methylethoxy)-5-pyridylsulphonyl]piperazine (hereinafter the compound of formula IB). An alter- 

10 native name for (IB) is (+)-3-Ethyl-5-[5-(4- ethyl piperazin-1 -ylsulphonyl)-2-(2-methoxy-1 ( R )-methyl ethoxy)pyridin-3-yl]- 
2-methyl-2,6-dihydro-7H-pyrazolo[4 1 3-d]pyrimidin-7-one. 

[0002] Processes for the preparation of many of the compounds of formula I are disclosed in W098/49166 and 
PCT/IB99/0051 9 (published as W099/54333). In particular, examples 4 and 1 18 of PCT/ IB99/0051 9 disclose a proc- 
ess for preparing compounds IA and IB. 
75 [0003] According to a first aspect of the invention there is provided a process for the preparation of a compound of 
formula (I) or a salt thereof 
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(I) 

35 

wherein 

R is C 1 to C 6 alky! optionally substituted with one or two substrtuents selected from G 3 to C 5 eye lo alky I, OH, C 1 to 
C 4 alkoxy, benzyloxy, NR 5 R 6 , phenyl, furanyi and pyridinyl; C 3 to C 6 cycloalkyl; 1 -(Cj to C 4 alkyl)piperidinyl; tetrahy- 
40 drofuranyl or tetrahydropy ranyl and wherein said C 1 to C 6 alkyl or said C 1 to C 4 alkoxy groups are optionally sub- 
stituted by haloalkyl; 

R 1 (which can be linked to either nitrogen of the pyrazole ring) is C 1 to C3 alkyl, optionally substituted with phenyl, 
Het or a N linked heterocyclic group selected from piperidinyl and morpholinyl and wherein said phenyl group is 
45 optionally substituted by: C t to C 4 alkyl which is optionally substituted by haloalkyl or haloalkoxy; or G 1 to C 4 alkoxy; 
or halo orCN; 

R 2 is Ct to C 6 alkyl; 

so and Het is a C-linked 6-membered heterocyclic group containing one or two nitrogen atoms, optionally in the 
form of its mono-N-oxide, or a C-linked 5-membered heterocyclic group containing two or three nitrogen atoms, 
wherein either of said heterocyclic groups is optionally substituted with to C 4 alkyl or C 1 to C 4 alkoxy or 
NHR 7 wherein R 7 is H, C 1 to C 4 alkyl or Oj to C 4 alkanoyl. 

55 R 3 and R 4 , together with the nitrogen atom to which they are attached, form a 4-R 8 -piperazinyl group optionally 
substituted with one or two to C 4 alkyl groups and optionally in the form of its 4-N-oxide; 

R 5 and R 6 are each independently selected from H and to C 4 alkyl optionally substituted with CXjto C 5 cycloalkyl 
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or to C 4 alkoxy, or, together with the nitrogen atom to which they are attached, form an azetidinyl, pyrrolldinyl, 
piperidinyl or morpholinyl group; 

R 8 is H; Cj to C 4 alkyl optionally substituted with one or two subst'rtuents selected from OH, NR 5 R 6 , CONR 5 R 6 , 
5 phenyl optionally substituted with 

to C 4 alkoxy, benzodioxolyl and benzodioxanyl; C3 to C 6 alkenyl; pyridinyl or pyrimidinyl; 

said process comprising reacting a compound of formula (II), (III) or (IV) in the presence of 'OR and a hydroxide trap- 
w ping agent or in the case of compounds of formula (IV) reacting in the presence of an auxiliary base and a hdroxide 
trapping agent (i.e. "OR is substituted by the auxiliary base) wherein X is a leaving group and R 1 to R 4 are as defined 
above. 
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[0004] In the above definition, unless otherwise indicated, alkyl, alkoxy and alkenyl groups having three or more 
55 carbon atoms, and alkanoyl groups having four or more carbon atoms, may be straight chain or branched chain. The 
term halo atom includes, CI, Br, F, and I. Haloalkyl and haloalkoxy include CF 3 and OCF 3 respectively. 
[0005] The compounds of formulae (I) may contain one or more chiral centres and therefore can exist as stereoi- 
somers, i.e. as enantiomers or diastereoisomers, as well as mixtures thereof. The invention relates to formation of both 
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the Individual stereoisomers of the compounds of formulae (I) and any mixture thereof. 

[0006] In first and second preferred embodiments of the invention compounds of formulae (IA) and (IB) are pre- 
pared. 
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[0007] Accordingly, in a preferred aspect of the invention there is provided a process for the preparation of a com- 
pound of formula (IA) or (IB) 
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comprising reacting a compound of formula (IIA), (IMA) or (IVA), and (MB), (IIIB) or (IVB) respectively 
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(IVB) 



20 in the presence of "OR and a hydroxide trapping agent, or alternatively in the case of compounds of formula (IVA) and 
(IVB) reacting in the presence of a hydroxide trapping agent and an auxiliary base wherein OR in the case of formation 
of compound (IA) is CH 3 0(CH 2 ) 2 0-, and OR in the case of formation of compound (IB) is ^>CH 3 OCH 2 CH(CH 3 )0- 
and wherein X in formulae (MA) to (IIIA) and formulae (IIB) to (NIB) is a leaving group. 

[0008] Intermediates of the general formula (IV) and more specifically (IVA) and (IVB), where novel, form further 
25 aspects of the invention. 

[0009] As a result of use of the hydroxide trapping agent, a particular advantage of the present process over that of 
the prior art (PCT/IB99/0051 9) is that a higher yield of final product (compounds of formula (I, IA, IB ) and intermediate 
compounds (VI, VIA, VIB) can be obtained. In a preferred embodiment the compound of formula (I) are obtained in 
good yield without intermediate isolation. 

30 [0010] It is most advantageous to form the compounds of formula (I) from intermediates of formula (III) since the 
cyclisation step (III to II) and the nucleophilic displacement of X by "OR (li to I) can be carried out in a one pot reaction. 
Furthermore the process can be run at ambient pressure whereas the cyclisation step of the 2 step process requires 
higher pressures where XH is a lower alkanol e.g. methanol, ethanol, 1 -propanol and 2-propanol. For example, the for- 
mation of compound (HA) from (IHA) in example 1 B of PCT/IB99/0051 9 was under high pressure whereas in the present 

35 process (IA) can be formed from (IHA) under ambient pressure. 

[0011] In a further aspect of the invention, there is provided a process for the formation of compounds of formula 
(II) (more particularly HA and IIB) comprising cyclising compounds of formula (III) (more particularly IIIA and IIIB) in the 
presence of said hydroxide trapping agent. Again, this step benefits from the higher yield and quality provided by using 
the hydroxide trapping agent - 

40 [0012] Of course the trapping agent technology could be used to form compounds of formula (I V) (more particularly 
IVA and IVB) from compounds of formula (III) (more particularty lllA and 1MB respectively) in the presence of "OR, 
advantageously up to about 1 molar equivalent of "OR (to compounds (III)). If substantially more than 1 equivalent of ' 
OR was used, the reaction would proceed through to compounds (I) (more particularly IA or IB). . . . 

[0013] Preferably the hydroxide trapping agent is an ester. 

45 [001 4] More preferably said hydroxide trapping agent is an ester of the formula: 

TOC(0)W 

wherein OT is OR or the residue of a bulky alcohol or a non-nucleophilic alcohol orTOH is an alcohol which can be 
so azeotroplcally removed during the reaction; 

and C(0)W is the residue of a carboxylic acid. 

[0015] To further improve yields of final product and reduce impurities, preferably C(0)W is the residue of a steri- 
55 cally hindered carboxylic acid and/or a carboxylic acid which does not contain an enolisable proton (e.g. pivalic acid). 
[0016] For example, where X is OEt in compound (HA) and (IIIA) the ester trapping agent can be ethyl acetate (i.e. 
OT=X and C(0)W is a residue of acetic acid), more preferably ethyl pivalate (OT=X and C(0)W is the residue of pivalic 
acid- i.e. a carboxylic acid with no enolisable proton), 2-methoxyethylacetate (OT=OR and C(0)W is a residue of acetic 
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acid), or most preferably 2-methoxyethylpivalate (OT=OR and C(0)W is a residue of a carboxyllc acid with no enolisable 
proton). 

[0017] Preferably X is selected from the group consisting of optionally substituted arylsulphonyloxy, preferably phe- 
nylsulphonyloxy, more preferably a para substituted aryl (phenyl) such as by a C r C 4 alkyl group e.g. p-toluenesulpho- 
5 nyioxy; 

C r C 4 alkylsulphonyloxy e.g. methanesulphonyloxy; 

nitro or halo substituted benzenesulphonyloxy preferably para substituted e.g. p-bromobenzenesulfonyloxy or p- 
10 nitrobenzenesulphonyloxy; CyC A perfluoroalkytsulphonyloxy e.g. trifluoromethylsulphonyloxy; optionally substi- 
tuted aroyloxy such as benzoyloxy; 

C r C 4 perfluoroalkanoyloxy such as trifluoroacetyloxy; 

is OyC A alkanoyloxy such as acetytoxy; 

halo; diazonium; C r C 4 primary and secondary alkoxy such as methoxy; quatenaryammonium C r C 4 alkylsulpho- 
nyloxy; halosulphonyloxy e.g. fluorosulphonyloxy and otherfluorinated leaving groups; and diarylsulphonylamino 
e.g. ditosyl (NTS2). 

20 

[0018] Most preferably, for formation of compounds of formula (I) more particularly (IA) and (IB), X is a C V6 alkoxy 
(advantageously ethoxy) since this lends itself to simpler and cheaper formation of compounds - for example see 
Schemes 1 , 2 and 3 hereinafter. 

[0019] However an advantage of using labile leaving groups such as chloro or fluoro may be that an inert solvent 
25 could then be used rather than ROH (which will often be more expensive). Thus only a sufficient amount of "OR (such 
as from ROH) as reactant would be required. 

[0020] 'OR can act both as a nucleophile (to displace the leaving group by nucleophilic substitution) and as a base 
(to bring about the cyclisation). 

[0021] 'OR can be generated in solution from, for example, a salt ZOR (wherein Z Is a cation) such as a metal salt. 

30 More particularly an alkali (such as sodium or potassium) or alkaline earth metal salt of "OR in a suitable solvent would 
give rise to 'OR in solution. For example, sodium 2-methoxyethoxide in a suitable solvent with intermediate (IIA) or'(HIA) 
would form compound (IA). In another embodiment, "OR is formed in situ from ROH plus an auxiliary base (i.e. a base 
other than "OR). However, in another system, ZOR could be used in the reaction system with an auxiliary base. 
[0022] As will be appreciated the solvent in which the reaction takes place can be ROH or an inert solvent (or a mix- 

35 ture of both). By inert solvent we mean a solvent which will not form a nucleophile under the reaction conditions or if a 
nucleophile is formed it is sufficiently hindered or unreactive such that it does not substantially compete in the displace- 
ment reaction. When ROH is used as a source of "OR, then a separate solvent is not essentially required but an (aux- 
iliary) inert solvent (i.e. a solvent other than ROH) may be used as a co-solvent in the reaction. 
[0023] Suitable solvents are as follows: 

40 ROH, a secondary or tertiary C 4 -C 12 alkanol, a C3-C 12 cycloalkanol, a tertiary C 4 -C 12 cycloalkanol, a secondary or ter- 
tiary (C3-C7 cycloalkyl)C2-C 6 alkanol, a C3-C9 alkanone, 1 ,2-dimethoxyethane, 1,2-diethoxyethane, diglyme, tetrahy- 
drofuran, 1,4-dioxan, toluene, xylene, chlorobenzene; 1 ,2-dichlorobenzene, acetonitrile, dimethyl sulphoxide, 
sulpholane, dimethylformamide, N-methylpyrrolidin-2-one, pyridine, and mixtures thereof. ~ - 
[0024] More preferably, the solvent is ROH, a tertiary C 4 -C 12 alkanol, a tertiary C 4 -C 12 cycloalkanol, a tertiary (C 3 - 

45 Cj cycloalkyI)C 2 -C 6 alkanol, a C 3 -Cg alkanone, 1,2-dimethoxyethane, 1,2-diethoxyethane, diglyme, tetrahydrofuran, 
1,4-dioxan, toluene, xylene, chlorobenzene, 1 ,2-dichlorobenzene, acetonitrile, dimethyl sulphoxide, sulpholane, 
dimethylformamide, N-methylpyrrolidin-2-one, pyridine, and mixtures thereof. 

[0025] Most preferably the solvent is ROH, which means that "OR is formed in situ .such as in the presence of an 
auxiliary base. For compounds (IA) and (IB) the solvent is preferably CH 3 0(CH 2 ) 2 OH and (flj-CH 3 OCH 2 CH(CH 3 )OH 
50 respectively. 

[0026] A wide range of auxiliary bases can be used in the process of the invention. Typically the bases would not 
substantially compete with "OR in the nucleophilic substitution of X (i.e. they would be non nucleophilic) such as by 
being suitably sterically hindered. 

[0027] Preferably the auxiliary base is selected from the group consisting of a sterically hindered base, a metal 
55 hydride, metal oxide, metal carbonate and metal bicarbonate. 

[0028] The sterically hindered base is advantageously a metal salt of a sterically hindered alcohol or amine. 
[0029] More preferably the auxiliary bases in accordance with the invention are selected from the group consisting 
of metal salts of a sterically hindered alcohol or amine such as a secondary or tertiary C 4 -C 12 alkanol, a C 3 -C 12 cyclo- 
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atkanol and a secondary or teritary (C 3 -C 8 cycloalkyl)C r C 6 alkanol, a N-(secondary or tertiary C 3 -C 6 alkyl)-N-(primary, 
secondary or tertiary C^-Cq alkyl)amine, a N-(C 3 -C 0 cycloalkyl)-N-(primary p secondary or tertiary C 3 -C 6 alkyl)amine, a 
di(C3-C 8 cycloalkyl)amine or hexamethyldlsilazane; 1,5-diazabicyclo[4,3,0]non-5-ene and 1,8-diazabicy- 
clo[5,4,0]undec-7-ene; a metal hydride, oxide, carbonate, and bicarbonate. 

5 [0030]' More preferably still, the auxiliary bases are selected from the group consisting of metal salts of a sterically 
hindered alcohol or amine such as a tertiary C 4 -C 12 alkanol, a C 3 -C 12 cycloalkanol and a tertiary (C 3 -C e cycloalkyl)C r 
Cq alkanol, a N-secondary or tertiary C 3 -C 6 alkyl)-N -(primary, secondary or tertiary C 3 -Ce alkyl)amine, a N-fC^Ce 
cycloalkyl)-N-(primary, secondary or tertiary C 3 -C 6 alkyl)amine, a di(C 3 -C 8 cycloalkyl)amine or hexamethyldisilazane; 
1 ,5-diazabicyclo[4,3,0]non-5-ene and 1 ,8-diazabicyclo[5,4,0]undec-7-ene. 

io [0031] More preferably still, the auxiliary base is selected from the sterically hindered bases of the previous para- 
graph (i.e. all of the bases named except for the metal hydride, oxide, carbonate and bicarbonate). 
[0032] Most preferably still, the auxiliary base is the metal salt of a tertiary C 4 -C 6 alcohol such as the alkali or alka- 
line earth metal salts (e.g. Na/K) of t-butanol or t-amyl alcohol, or the base is potassium hexamethyldisilazone 
(KHMDS). 

is [0033] Most preferably, the auxiliary base is the alkali metal salt of t-butanol (e.g. potassium t-butoxide). 

[0034] Preferably the metal of the salt of ZOR and the auxiliary base are independently selected from alkali metals 
(lithium, sodium, potassium, rubidium, caesium) or alkaline earth metals (beryllium, magnesium, calcium, strontium, 
barium). More preferably the metal is sodium or potassium. 

[0035] To maximise yields, it is further preferred that at least about 1 molecular equivalent of auxiliary base and " 
20 OR are used in accordance with the invention. If 'OR also functions as a base (i.e. there is no auxiliary base present) 
then preferably at least about 2 equivalents of "OR are present. Suitably, at least about 1 equivalent of trapping agent 
(preferably at least about 2 equivalents) is present. 

[0036] In a particularly preferred embodiment of the invention the compounds of formula (I) can surprisingly be pro- 
vided of clinical quality material, thus obviating the need for subsequent purification steps. 

25 [0037] The temperature of the reaction of compounds (III) and (IV) to (I) (such as the corresponding formation of 
compounds IA and IB) is preferably at least about 80°C, more preferably about 80 to about 130° C, more preferably still 
about 100 to about 130°C and most preferably about 115 to about 125°C. These temperatures are also applicable for 
the conversion of compounds (II) to (I), although the temperature in this case could also probably be lower (e.g. about 
60° C) since there is no cyciisation taking place. 

30 [0038] The reaction temperature attainable to effect the conversion of compounds of formulae (II) and (III) to com- 
pounds of formula (I) depends on the solvent, the nature of 'OR and X. When X is an alkoxy and ROH is the solvent, 
preferably XH (such as C v6 alkoxy) is removed azeotropicalfy (of course the reaction vessel must be configured to distil 
over the azeotrope mixture) with ROH by running the reaction at the azeotrope temperature of XH and ROH. In this way 
the yield and quality of the final product can be further improved. For example, (where X is an alkoxy) the conversion of 

35 compound (I I A) , (II I A) or (IVA) to (I A) is preferably carried out at the azeotrope temperature of the alcohol (i.e. XH (pref- 
erably ethanol)) and 2-methoxyethanol. 
[0039] Preferred embodiments of the invention are: 

1 . the synthesis of compound (IA) by reaction of compound (II A) or (IIIA): 

40 

a) with 2-methoxyethanol and auxiliary base, optionally in an inert solvent and in the presence of said trapping - 
agent; or 

b) with ZO(CH 2 )20CH 3 and an auxiliary base in 2-methoxyethanol or an. inert solvent.or both r inthe presence . 
of said trapping agent; or 

45 c) with ZO(CH 2 ) 2 OCH 3 and 2-methoxyethanol or an inert solvent or both, in the presence of said trapping 

agent. — - ........ 



Preferably, the trapping agent is CH 3 0(CH 2 ) 2 OC(0)W or CH 3 OC(0)W wherein C(0)W is a residue of a car- 
so boxylic acid (preferably sterically hindered). 

2, the synthesis of compound (IB) by reaction of compound (MB) or (1MB): 

a) with (R) -CH 3 OCH 2 CH(CH 3 )OH and auxiliary base, optionally in an inert solvent and in the presence of said 
55 trapping agent; or 

b) with (R) -CH 3 OCH 2 CH(CH 3 )OZ and an auxiliary base in (R) -CH 3 OCH 2 CH(CH 3 )OH or an inert solvent or 
both, in the presence of said trapping agent; or) 

c) with (R) -CH 3 OCH 2 CH(CH 3 )OZ and (R) -CH 3 OCH 2 CH(CH 3 )OH or an inert solvent or both, in the presence 
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of said trapping agent. 

[0040] Preferably the trapping agent is (R)- CH 3 OCH 2 CH(CH 3 )OC(0)W or CH 3 OC(0)W wherein C(0)W is a resi- 
due of a carboxylic acid (preferably sterically hindered). 

[0041] To maximise yields, it is further preferred that at least about 1 molecular equivalent of auxiliary base and " 
OR are used in accordance with the invention. If "OR also functions as a base (i.e. there is no auxiliary base present) 
then preferably at least about 2 equivalents of "OR are present. Thus to maximise yields of compounds (IA) and (IB), 
suitably at least about 1 equivalent of trapping agent (preferably at least about 2 equivalents) is present. With respect 
to 1a) above, preferably there is at least about 2 motecular equivalents of base and at least about 1 molecular equiva- 
lent of trapping agent relative to the substrate (more preferably at least about 2.2 and 2.5 respectively). For 1b) above, 
preferably there is at least about 1 molecular equivalent of auxiliary base, trapping agent and ZO(CH 2 )20CH 3 relative 
to the substrate (more preferably at least about 1 .2 equivalents of auxiliary base and at least about 2.5 equivalents of 
trapping agent). For 1c) above, preferably there is at least about 2 molecular equivalents of ZO(CH 2 ) 2 OCH 3 and at least 
about 1 equivalent of trapping agent relative to the substrate (more preferably at least about 2 and 2.5 equivalents 
respectively). 

[0042] The compounds of general formula (III), (IMA) and (NIB) may be obtained from readily available starting 
materials for example, by the route depicted in the following reaction schemes. Reaction Scheme 1 is illustrated for 
compounds of general formula (I), Scheme 2 is for compound (IA) and Scheme 3 is illustrated for compound (IB). 
[0043] With reference to Scheme 1 , the intermediate of formula (VI) or a salt thereof is formed from a compound of 
formula (Vltl), the exact process being dependent on leaving group X. 

[0044] For compounds of formula (VI) or a salt thereof wherein X = arylsulfonyloxy, C r C 4 alkylsuffonyloxy, C<,-C 4 
perfluoroalkylsutfonyloxy, aryloxy, perfluoroalkanoyloxy, C^-C A alkanoyloxy, quarternaryammonium C r C 4 alkyl- 
sulfonyloxy or halosulfonyloxy, compound (VI) can be formed from compounds (VII) (wherein Y=OH and V=OH) and an 
appropriate derivatising agent, more particularly an appropriate sulphonylating agent such as arylsulfonylhalide, C r C 4 
alkylsutfonylhalide, Cj-C 4 perfluoroalkylsulfonylhalide, quarternaryammonium C r C 4 alkylsulfonylhalide, halosulfonyl- 
halide ,or an appropriate arylating agent such as arylhalide, or an appropriate acylating agent such as C r C 4 perfluor- 
oalkanoylhalide, or C r C 4 alkanoylhalide), such as in an appropriate solvent Preferably the halide substituent of the 
above is chloride, and preferably also the reaction takes place in the presence of a base. Compounds of formula (VII) 
(wherein Y=OH and V=0H) can be formed from compounds (VIII) and a hydrolising agent, preferably a hydroxide base 
(ideally 2 molar equivalents), more preferably a metal hydroxide such as sodium hydroxide, in an appropriate solvent, 
such as water. The metal of the hydroxide base can be as defined hereinbefore for Z (in ZOR). This will also apply for 
other reactions of Schemes 1 , 2 and 3 hereafter where hydroxide base/hydrolising agent is used. Although the hydro- 
lysing agent will normally act to introduce a hydroxide at D and at R there may be some protecting groups within the 
scope of the invention which may not be hydro lysed, in which case a separate deprotecting agent can be used. 
[0045] Compounds of formula (VI) where X = chloro, can be formed from (VII) wherein Y=CI and V=P (such as OEt) 
(i.e. formula VIII) and a deprotecting agent. 

[0046] Preferably the deprotecting agent as used herein in accordance with the invention is a hydrolysing agent, 
more preferably a hydroxide nucleophile, advantageously a hydroxide base (ideally 1 molar equivalent), such as sodium 
hydroxide preferably in an appropriate solvent, such as water. 

[0047] Compounds of formula (VI) wherein X ■= diazonium, can formed from (VII) (wherein Y=NH 2 , V=OH) and 
nitrous acid. Compounds of formula (VII) (wherein Y=NH 2 , V=OH) can be formed from compounds of formula (VII) 
(wherein Y=NH 2 , V=P, e.g. OEt) and a deprotecting agent. - 

[0048] Intermediate (VII) (Y=NH 2 , V=P, e.g. OEt) is formed from (VIII) and an ammoniating agent, such as ammo- 
nia, in an appropriate solvent, such as water. 

[0049] Compounds of formula (VI) wherein X = (diarylsulfonyl)amino, can be formed from (VII) (wherein Y=NH 2 , 
V=OH) and an appropriate derivatising agent , preferably an appropriate sulphonylating agent such as arylsulphonyl- 
halide, preferably arylsulfonylchloride ( ideally at least 2 molar equivalents) preferably in the presence of a base (ideally 
2 molar equivalents thereof), such as triethylamine in an appropriate solvent 

[0050] Compounds of formula (VI) wherein X is OR which is C ue (preferably C r C 4 ) preferably primary or second- 
ary alkoxy, can be formed from (VII) (wherein Y= C^ (preferably C^-C A ) primary or secondary alkoxy and V=P, (such 
as OEt) and a deprotecting agent. 

[0051] Compounds of formula (VII) (wherein Y= C V6 (preferably C r C 4 ) primary or secondary alkoxy, V=P (e.g. 
OEt) can be formed by reacting a compound of formula (VIII) in the presence of "OR, which is an appropriate alkoxide 
(C^e more preferably C r C 4 ) more preferably primary or secondary alkoxide), such as sodium ethoxide preferably in an 
appropriate solvent such as toluene. 

[0052] Most preferably P=X (where X is an alkoxy) since this avoids transesterification issues. 

[0053] The compounds of formula (VIII) can formed from compounds of formula (IX) by reaction with an amine 

NH(R3)(R4) optionally in the presence of a supplementary base (i.e. other than NH(R3)(R4)) preferably in an appropri- 
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ate solvent , such as toluene. "D" in compounds (VIII) and (IX) is CI or Br. Where a supplementary base is used it either 
does not react with the sulphonyl chloride moiety (such as a metal oxide, carbonate or bicarbonate) or it reacts with the 
sulphonyl chloride moiety in such a way as to keep it activated to nucleophilic attack (e.g. a tertiary amine such as tri- 
ethylamine). The amine NH(R3)(R4) may also act as a base, in which case preferably more than one equivalent is 
present, more preferably about 2 equivalents (or more). 

[0054] The compounds of formula (IX) can be formed from compounds of formula (X) in the presence of a chlorin- 
ating or brominating agent such as thionyl chloride or thionyl bromide more preferably in the presence of a halogenation 
catalyst, more preferably still thionyl chloride or thionyl bromide in the presence of dimethylformamide. The thionyl 
chloro/bromo can also act as the solvent, but more preferably the reaction takes place in an appropriate other solvent 
such as toluene. In such case only stoicheiometric amounts of thionyl chloride/bromide would be required, preferably 
at least 2 molar equivalents, more preferably at least 5 molar equivalents. 

[0055] It is possible to undertake the four step conversion of (X) to (VI) (more particularly (XA) to (VIA) and (XB) to 
(VIB) ) in a single telescoped step, without intermediate product isolation, using the same solvent throughout (hereinaf- 
ter the "telescoping solvent). Thus where X is an alkoxy, steps (X) to (VI) can be telescoped together using a single sol- 
vent such as a water immiscible inert organic solvent. More preferably a hydrocarbon solvent (such as toluene, xylenes, 
anisole, chlorobenzene, hexane, heptane, octane, nonane, decane, cyclohexane, methylcyclohexane) or ethers (such 
as dibutyl ether, diphenyl ether) or ketones (such as methylisobutylketone, methylethylketone) or esters (such as ethyl 
acetate, butyl acetate) or dimethylformamide. More preferably still a hydrocarbon solvent (such as toluene, xylenes, ani- 
sole, chlorobenzene, octane, nonane, decane, methylcyclohexane) or ethers (such as dibutyl ether, diphenyl ether) or 
esters (such as ethyl acetate, butyl acetate). More preferably still the telescoping solvent is toluene. 
[0056] The intermediate of formula (X) is formed from a compound of formula (XI) or a salt thereof in the presence 
of a protecting forming agent which will form a protecting group (P) for the carboxylic acid (i.e. to form the -COP group). 
Preferably said protecting forming agent is an esterification agent, to form a carboxylic acid ester (wherein, e.g. P will 
be alkoxy and the protecting forming agent will be an alcohol) such as a C v6 carboxylic acid ester which will be carried 
through the reaction scheme and hydrolised under basic conditions to the carboxylic acid function of compound (VI). 
Most preferably the esterification agent is ethanol. An additional solvent such as toluene may be appropriate. 
[0057] The intermediate of formula (XI) is formed from 2-hydroxynicotinic acid or a salt thereof in the presence of 
SQ 3 ( ideally at least 1 molar equivalent of S0 3 ), for example using SO a in an aprotic solvent (e.g. nitrobenzene, 
nttromethane, 1 ,4-dioxane, dichloromethane) or in a mineral acid as solvent (e.g. sulphuric acid) or in a liquid carboxylic 
acid as solvent (e.g. acetic acid) orTHF or heptane. More preferably still, the sulphonylating agent is oleum (S0 3 in sul- 
phuric acid) such as about 20% to 30% oleum. 

[0058] Compound (ill) is formed by reaction of intermediate (VI) and compound (V) in the presence of a coupling 
agent, such as N.N'-carbonyldiimidazole and a suitable solvent, such as ethyl acetate. 

[0059] Compounds of the general formula (V) are prepared according to method shown in Example 1a to 1f here- 
inafter (i.e. for the formation of compound VA) 

[0080] Scheme 2 illustrates a preferred embodiment for the formation of compound (VIA) where X is an alkoxy (and 
so Y in compound VIIA represents X), more preferably a C^. 6 primary or secondary alkoxy, such as ethoxy. However for 
other leaving groups the method for Scheme 1 would apply. 

[0061] With reference to Scheme 2, the intermediate of formula (VIA) is formed f rom a compound of formula (VIIA) 
by removal of protecting group P by a deprotecting agent, advantageously by saponification in the presence of a 
hydrolising agent (as defined above for Scheme 1) such as sodium hydroxide, preferably in an appropriate solvent such 
as water and toluene. 

[0062] The intermediate of formula (VIIA) is formed from a compound of formula (VINA) in the presence of. an 
appropriate C 1>6 alkoxide (such as a primary or secondary alkoxide), preferably a metal alkoxide wherein the metal (Z) 
is as defined hereinbefore for ZOR such as sodium ethoxide, preferably in an appropriate solvent such as toluene or 
XH, wherein X is as defined hereinbefore. "D" in compounds (VIIIA) and (IXA) is CI or Br. 

[0063] The intermediate of formula (VINA) is formed from a compound of formula (IXA) by reaction with N-ethyl- 
piperazine in the presence of a base, such as triethylamine, preferably in an appropriate solvent such as toluene. 
[0064] The intermediate of formula (IXA) is formed from a compound of formula (XA) in the presence of a chlorin- 
ating or brominating agent as defined for the same step in Scheme 1, most preferably thionyl chloride or bromide / 
dimethylformamide. 

[0065] The intermediate of formula (XA) is formed from a compound of formula (XI) in the presence of an agent 
which will form a protecting group (P) for the carboxylic acid (i.e. to form the -COP group) as defined hereinbefore. Most 
preferably the esterification agent is ethanol. An additional solvent such as toluene may be appropriate. 
[0066] The intermediate of formula (XI) is formed from 2-hydroxynicotinic acid with a sulphonylating agent (as 
defined hereinbefore) such as 20 to 30% oleum. 

[0067] Again the four step conversion of (XA) to (VIA) can be telescoped together (as set out hereinbefore), without 
intermediate product isolation, using the same solvent. The list of solvents described with respect to Scheme 1 are 
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directly applicable here. Most preferably the solvent is toluene. 

[0068] For example after formation of compound (IXA), the excess chlorinating/brominating agent could be azeo- 
troped off at the azeotrope temperature of the said agent and the telescope solvent. After formation of compound 
(VIIIA), the HBr/HCI (i.e. HD) salts which are formed could be washed out (in aqueous) or filtered from the reaction ves- 
5 sel and the remainder of the aqueous solvent azeotroped off with some of the telescoping solvent. In the formation of 
compound (VI I A), if the aikoxide used to introduce X is dissolved in solvent (such as ethanol), then this solvent could 
again be azeotroped off with some of the telescoping solvent prior to formation of compound (VIA) to facilitate isolation. 
If solid aikoxide is used then this latter azeotroping step is not required. 

[0069] Most preferably the telescoping solvent for any telescoped steps of Scheme 1 and more particularly 

w Schemes 2 and 3, is toluene. 

[0070] Compound (IMA) is formed by reaction of intermediate (VIA) and 4-Amino-5-ethyl-1 (2-pyridylmethyl)-1 H- 
pyrazole-3-carboxamide (compound VA) in the presence of a coupling agent, such as 1-(3-dimethylaminopropyl)-3- 
ethyl carbodiimide hydrochloride and where desirable also in the presence of a base and/or an accelerator. In one 
example of a coupling system, the carboxylic acid function of (VIA) is first of all activated using molar equivalent of a 

is reagent such as N.N-carbony Id imidazole (as coupling agent) in a suitable solvent, e.g. ethyl acetate, at from about 
room temperature to about 80 a C, followed by reaction of the intermediate imidazolide with (IXA) at from about 35 to 
about 80 a C. In another example, intermediate (VIA) could be coupled to the pyrazole (VA) in the presence of 1 -hydroxy- 
benzotrtazole, triethylamine and 1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride. 
[0071] Compound (IB) (Scheme 3) wherein X also represents a alkoxy (preferably a primary or secondary 

20 alkoxy, such as ethoxy) can be formed in an analogous fashion to that of compound (I A). The reagents etc. for Scheme 
2 are also directly applicable to Scheme 3. 

[0072] It will be appreciated that salts of the compounds of Schemes 1 to 3 can be formed in accordance with the 
invention by converting the relevant compound to a salt thereof (either in situ or as a separate step). For example base 
addition salts of the compounds of formulae (VI) and (XI) can be formed and are in accordance with the invention. Also 

25 an acid addition salt of the compound of formula (I) can be formed in accordance with the invention. 

[0073] By way of illustration, acid addition salts of compounds of formula (I) (more particularly IA and IB) can be 
formed by reacting a compound of formula (I) with an equimolar or excess amount of acid. The salt may then be pre- 
cipitated out of solution and isolated by filtration or the solvent can be stripped off by conventional means. Typical salts 
which can be used in the Schemes of 1 to 3 are given in PCT/IB99/00519. An example of a salt of compounds IA and 

30 IB is the tosylate and besylate respectively. 

[0074] Suitable protecting groups for use in accordance with the invention can be found in "Protecting Groups" 
edited by P. J, Kocienski, Thieme, New York, 1994 - see particularly chapter 4, page 118-154 for carboxy protecting 
groups; and "Protective Groups in Organic Synthesis" 2 nd edition, T.W. Greeene & P.G.M. Wutz, Wiley - Interscience 
(1991)- see particularly chapter 5 for carboxy protecting groups. 

35 [0075] The invention will now be described by way of example only with reference to the following examples. 

Example 1 

(1 a) Ethyl 3-ethyl-1 H-pyrazole-5-carboxylate 

40 

[0076] Ethanolic sodium ethoxide solution (21% w/w; 143 mi, 0.39 mol) was added dropwise to a stirred, ice-cooled 
solution of diethyl oxalate (59.8 ml, 0.44 mol) in absolute ethanol (200 ml) under nitrogen and the resulting solution 
stirred for 15. minutes. Butan-2-one (39 ml, 0.44 mol) was then added dropwise, the cooling bath removed, the reaction 
mixture stirred for 18 hours at room temperature and then for 6 hours at 4Q°C, then the cooling bath; reintroduced. Next, 

45 glacial acetic acid (25 ml, 0.44 mol) was added dropwise, the resulting solution stirred for 30 minutes at 0°C, hydrazine 
hydrate (20 ml, 0.44 mol) added dropwise, then the reaction mixture allowed to warm to room temperature and main- 
tained there over a period of 18 hours, before being evaporated under reduced pressure. The residue was partitioned 
between dichloromethane (300 ml) and water (100 ml), then the organic phase separated, washed with water (2 x 
100ml), dried (Na^SO^ and concentrated under reduced pressure to give the title compound (66.0 g). 8 (CDCI3): 1.04 

so (3H,t), 1.16 (3H,t), 270 (2H,q), 4.36 (2H,q), 6.60 (1H,s). LRMS: m/z 169 (M+1) + . 

(1b) 3-Ethyl-1H-pyrazole-5-carboxylic acid 

[0077] Aqueous sodium hydroxide solution (10M; 100 ml, 1 .0 mol) was added dropwise to a stirred suspension of 
55 the title compound of example (4a) (66.0 g, 0.39 mol) in methanol and the resulting solution heated under reflux for 4 
hours. The cool reaction mixture was concentrated under reduced pressure to ca.. 200 ml, diluted with water (200 ml) 
and this mixture washed with toluene (3 x 100 ml). The resulting aqueous phase was acidified with concentrated hydro- 
chloric acid to pH 4 and the white precipitate collected and dried by suction to provide the title compound (34.1 g). 5 
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(DMSO d6 ): 1.13 (3H,t), 2.56 (2H,q), 6.42 (1H,s). 

(1c) 3-Ethyl-4-nitro-1H-pyrazole-5-carboxyNc acid 

5 [0078] Fuming sulphuric acid (1 7.8 mi) was added dropwise to stirred, ice-cooled fuming nitric acid (1 6.0 ml), the 
resulting solution heated to 50°C, 3-ethyl-1 H-pyrazole-5-carboxylic acid added portionwise over 30 minutes whilst 
maintaining the reaction temperature below 60°C. The resulting solution was heated for 1 8 hours at 60°C, allowed to 
cool, then poured onto ice. The title compound was obtained as a brown solid (64%). 8 (DMSO d6 ): 1.18 (3H,t), 2.84 
(2H,m), 13.72 (1H,s). 

10 

(1 d) 3-Ethyl-4-nitro-1 H-pyrazole-5-carboxamide 

[0079] A solution of the title compound of example (1c) (15.4 g, 0.077 mol) in thionyl chloride (75 ml) was heated 
under reflux for 3 hours and then the cool reaction mixture evaporated under reduced pressure. The residue was aze- 
15 otroped with tetrahydrofuran (2 x 50 mi) and subsequently suspended in tetrahydrofuran (50 ml), then the stirred sus- 
pension ice-cooled and treated with gaseous ammonia for 1 hour. Water (50 ml) was added and the resulting mixture 
evaporated under reduced pressure to give a solid which, after trituration with water and drying by suction, furnished 
the title compound as a white solid (90%). 8 (DMSO d6 ): 1.17 (3H,t), 2.87 (2H,m), 7.40 (1H,s), 7.60(1H,s), 7.90 (1H,s). 
LRMS:m/z185 (M+1) + . 

20 

(1 e) $-EthyM-nitro-1 -(2-pyridylmethylH H-pyrazole-3< arboxamlde r 

[0080] Caesium carbonate (1 .414 kg, 4.34mol) was added to a suspension of the title compound of example (1d) 
(800g, 4.34mol) in acetonitrile (51) and the mixture warmed to 60°C. 2-Chloromethylpyridine (664. 7g, 5.23mol) was 

25 added and the reaction heated at 70°C for 7 hours, then water (9.5I) added and the reaction mixture cooled to 1 0°C. 
Granulation of this mixture gave a precipitate which was filtered and dried to afford 3-ethyl-4-nitro-1 -(pyridin-2-yl)methyl- 
pyrazole-5-carboxamide (367g). Sodium chloride (1 .58 kg) was added to the filtrate and the solution extracted with ethyl 
acetate (4 x 1 .751). The combined organic extracts were distilled to remove approximately 1 0 I of solvent, toluene (5.6I) 
added over 35 minutes to the hot (69-76°C) solution and the mixture allowed to cool. The resulting suspension was 

30 granulated at <10°C for 30 minutes, filtered, the solid washed with ethyl acetate:toluene (50:50) 600 ml) and dried 
(60°C) to afford the title compound (624g 52%) as a light brown solid. 8 (DMSO d6 ): 1.08 (3H,t), 3.02 (2H,q), 5.53 (2H,s), 
7.34 (2H,m), 7.65 (1H,s), 7.82 (1H,m), 7.93 (1H,s), 8.52 (1H,d). LRMS: m/z 276 (M+1) + . 

(1f) 4-Amino-5-ethyl-1-(2-pyridy lmethyl)-1H-pyrazole-3- carboxamide: (Compound VA) 

35 

[0081 ] A mixture of Lindlar catalyst (2g) and the title compound of example (1 e) (20g, 72.7mmol) in ethanol (1 60ml) 
was hydrogenated for 48 hours at 345kPa (50psi) and 50°C, then cooled and filtered. The filtrate was combined with an 
IMS wash (50ml) of the filter pad and concentrated under reduced pressure to a colume of 1 00ml. The remaining eth- 
anol was removed by distillation, and replaced with ethyl acetate until a head temperature of 77°C had been achieved. 
40 The cooled mixture was granulated at 4°C, filtered and dried to afford the title compound (1 3.1 7g, 73%) as a light brown 
solid. 8 (DMSO d8 ): 0.90 (3H,t), 2.54 (2H,q), 4.48 (2H,s), 5.31 (2H,s), 6.89 (1 H,d), 6:95 (1H,s), 7.1 1 (1H p s), 7.28 (1H,m), 
7.74 (1H,m), 8.50 (1H,d). LRMS: m/z 246 (M+1) + . 

(1cn 2-Hvdroxy-5-sulfonicotinic acid (Compound XIA) 

45 

[0082] 2-Hydroxynicotinic acid (27Kg, 1 94.2mol) was added portionwise to 30% oleum (58.1 Kg) at 50°C over 1 hr. 
This caused an exotherm to 82°C, The reaction mixture was heated further to 1 40°C. After maintaining this temperature 
for 12hrs the reactor contents were cooled to 15C and filtered. The filter cake was then re-slurried with acetone (33Kg) 
at room temperature, filtered and dried to afford the title compound (35.3Kg, 83%) as a white solid. Decomposition pt 
so 273°C. 8 (DMSO d6 ): 7.93 (1 H, d), 8.42 (1 H, d). m/z (Found:220 [M+H] + , 1 00%. C 6 H 6 N0 6 S requires 220). 

(1h) Ethyl 2-hydroxy-5-sulfonicotinoate (Compound XA) 

[0083] 2-Hydroxy-5-sulfonicotinic acid (XIA) (500g, 2.28mol) was dissolved in ethanol (2.5L) with stirring and 
55 heated to 80°C. After 30mins 0.5L of solvent was distilled off, then replaced with fresh ethanol (0.5L) and taken back to 
80°C. After a further 60mins 1 .0L of solvent was distilled off, then replaced with fresh ethanol (1 .0L) and taken back to 
80°C. After a further 60mins 1 .0L of solvent was distilled off, the reaction cooled to 22°C and stirred for 16hr. The pre- 
cipitated product was filtered, washed with ethanol (0.5L) and dried at 50°C under vacuum to afford the title compound 
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(416g, 74%) as a white solid. Decomposition pt 237°C. 5 (DMSO d6 ): 1 .25 (3H ( t), 4.1 9 (2H,q), 7.66 (1 H, d), (1 H, d). m/z 
(Found:248 [M+H]\ 100%. C B H 10 NO 6 S requires 248). 

(1i) Ethyl 2-chloro-5-chlorosulfonylnicotinoate(Compound IXA) 

5 

[0084] Ethyl 2-hydroxy-5-sulfonicotinoate (XA) (24. 7g, 0.1 mol) was slurried in thionyl chloride (238g f 2.0mol) and 
dimethylformamide (1 .OmL) with stirring. The reaction mixture was then heated to reflux for 2.5hr. The bulk of the thionyl 
chloride was removed under vacuum with residual thionyl chloride removed with a toluene azeotrope to afford the crude 
title compound (30.7g, 108%) as a yellow oil. 8 (CDCI 3 ): 1.46 (3H, t), 4.50 (2H, q), 8.72 (1H, d), 9.09 (1H ( d). This was 
w taken directly onto the next step. 

(Y\) Ethvl 2-chloro-5-f4-ethyl-1-piperazinylsulfonyhnicotinoate (Compound VINA) 

[0085] Crude ethyl 2-ch!oro-5-chlorosulfonicotinoate (IXA) (30.7g, 0.1 mol assumed) was dissolved in ethyl acetate 
is (l50mL) with stirring then ice cooled. To this was added a solution of N-ethylpiperazine (11. 4g, 0.1 mol) and triethyl- 
amine (22.5g, 0.22mol) in ethyl acetate (50mL), carefully over 30mins, keeping the internal temperature below 10°C. 
Once the addition was complete the reaction was allowed to warm to 22°C and stir for 1 hr. The solid was filtered off 
and the remaining filtrate was concentrated under vacuum to afford the crude title compound (37.1 g, 1 03%) as a crude 
yellow gum. 8 (CDCI 3 ): 1.10 (3H ( t), 1.42 (3H, m), 2.50 (2H, m), 2.60 (4H ( m), 3.19 (4H, m), 4.43 (2H, q), 8.40 (1H, d), 
20 8.80 (1 H, d). m/z (Found:362 [M+Hf, 100%. C 14 H 21 CIN30 4 S requires 362). 

(1k) Ethvl 2-ethoxv-5-(4-ethvl-1-PiDerazinylsulfonyl)nicotinoate (Compound VIIA X=OEt) 

[0086] A solution of ethyl 2-chloro-5-(4-ethyl-1-piperazinylsulfonyl)nicotinoate (VINA) (36.1g, O.lmol) in ethanol 
25 (180ml_) was cooled to 10°C with stirring. Sodium ethoxide (10.2g, 0.15mol) was added portionwise keeping the tem- 
perature below 20°C. The reaction mixture was then stirred at ambient temperature for 18 hours. The precipitate was 
filtered off and water (1 80mL) added to the filtrate. The filtrate was then heated to 40°C for 1 hour. Ethanol (1 80mL) was 
then distilled off at ambient pressure and the remaining aqueous solution allowed to cool to ambient temperature. The 
precipitated product was then filtered off, washed with water and dried under vacuo at 50°C to afford the title compound 
30 (12.6g, 34%) as a light brown solid. M.pt. 66-68°C. 8 (CDCI 3 ): 1.04 (3H, t), 1.39 (3H, t), 1.45 (3H t t), 2.41 (2H, q), 2.52 
(4H, m), 3.08 (4H, m), 4.38 (2H, q), 2.57 (2H, q), 8.38 (1H, d), 8.61 (1H, d). m/z (Found:372 [M+H] + , 100%. 
C 16 H 26 N 3°5 S requires 372). 

(11) 2-Ethoxv-5-f4-ethvl-1-piperazinylsurfonyl)nicotinic acid (Compound VIA: X=QEt) 

35 

[0087] Ethyl 2-ethoxy-5-(4-ethyl-1-piperazinylsulfonyl)nicotinoate (VIIA) (10.2g, 0.0275mol) was dissolved in tolu- 
ene (50mL) and a solution of sodium hydroxide (1 .1 g, 0.0275mol) in water (20mL) added to it. This two phase mixture 
was then stirred vigorously at ambient temperature overnight. The aqueous phase was separated off and adjusted to 
pH=5.6 by addition of cone, hydrochloric acid. The precipitated product was slurried, with ice cooling for 15minutes, fil- 
40 tered, water washed and dried under vacuo at 50°C to afford the title compound as an off-white solid. Mpt 206-207°C. 
8 (CDCI 3 ): 1.25 (3H, t), 1.39 (3H, t), (2H, q) ( 3.03 (4H, m), 3.25 (4H, m); 4.50 (2H, q), 8.25 (1H, d) ( 8.56 (1H, d). m/z 
(Found:344 [M+HJ+, 1 00%. C^H^NgOsS requires 344). 

[0088] This step (11) is already set out in preparation 23 of PCT/IB99/0051 9 (herein incorporated by reference) and 
the yield obtained is 88%. 

45 

dm) N-f3-carbamovi-5-ethvl-1 -(2-PvridvlmethylV1 H-pyrazol-4-yl]-2-ethoxy -5-(4-ethyl-1 -piperazinylsutfonyl) nicotina- 
mide (Compound IMA: X=OEti 

[0089] 2-Ethoxy-5-(4-ethyl-1-piperazinylsulfonyl)nicotinic acid (VIA) (0.875Kg, 2.55mol) was charged followed by 
so ethyl acetate (7L, 8ml/g) to the reaction vessel and 2ml/g was distilled off at atmospheric pressure to ensure the reac- 
tion system was dry. The slurry was cooled to room temperature under a nitrogen atmosphere and carbonyldiimidazole 
(0.43Kg, 2.65mol) added in one portion. The slurry was heated to 35°C and held for half an hour. The reaction was fur- 
ther heated to 45-50°C and held for a further half hour. The reaction was then heated to reflux, stirring at reflux for one 
hour. On confirmation of complete imidazolide formation the reaction was cooled to 45-50°C under nitrogen and 4- 
55 amino-5-ethyl-1-(2-pyridylmethyl)-1H-pyrazole-3-carboxamide (VA) (0.59Kg, 2.42mol) charged in one portion before 
returning to reflux and a further 1 ml/g was distilled off at atmospheric pressure. The reaction was stirred at reflux for 1 6 
hours . The reaction was cooled to 10-15°C and granulated for one hour. The reaction slurry was filtered and washed 
(ethyl acetate) which was dried under vacuum at 50°C to afford the title compound (1 ,252Kg f 90.7%) as a white solid. 
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Mpt 178-179°C. 6 (CDCI 3 ): 1 .04 (3H, t), 1 .06 (3H, t), 1 .59 (3H, t) p 2.40 (2H, q), 2.50 (4H, m), 2.90 (2H, q), 3.08 (4H, m), 
4.78 (2H, q) ( 5.35 (1 H, s), 5.48 (2H, s), 6.68 (1 H, s), 6.92 (1 H, d), 7.22 (1 H, m), 7.65 (1 H, m), 8.58 (1 H, d) p 8.64 (1 H, d), 
8.83 (1H, d). m/z {Found:571 [M+H] + , 100%. C 26 H35N 8 0 5 S requires 571). 

5 (1n) 4-{6-Ethoxy-5-f3-ethvl^.7-dihYdro-7-oxo-2-(2-pvi^ 
1-ethvlpiperazine (Compound IIA: X=OEti 

[0090] Potassium ethoxide solution (86g p 0.25mol ( 24%w/w in ethanol) was charged to the vessel and ethanol 
(235mL) added. Ethyl acetate (10.8g) was added to reaction mixture at ambient. N-[3-carbamoyi-5-ethyl-1-(2-pyridyl- 

10 methyl)-1H-pyrazoM-yl]-2-ethoxy-5-(4-ethylO-piperazinylsulfonyl)nicotin (III A) (70g, 0.122mol) was added in one 
portion to the solvent mixture and the reaction was stirred at ambient. The reaction mixture was warmed in a sealed 
vessel to a temperature of 120°C ( producing an internal pressure of approximately 50-60 p.s.i., the pressure was then 
made up to 80 p.s.i by applying a nitrogen pressure and the reaction was stirred for 8 hours. The reaction was cooled 
after 8 hours and ethanol is then reduced under atmospheric distillation to a volume of about 720ml (3ml/g). Ethyl Ace- 

15 tate (840ml) was added to the ethanol solution and then reduced under atmospheric distillation to a volume of 1920ml 
(8ml/g). Dilute aqueous hydrochloric acid was added to adjust the pH of the reaction mixture from about pH=13 to 
pH=8. This was added over 30 min. The mixture was stirred for 5 minutes, warmed to 50°C and the phases were sep- 
arated. Water (140mL) was added to ethyl acetate layer, stirred, warmed to 50°C and the phases were separated. The 
ethyl acetate phase was cooled from 50°C to 0-5°C over two hours, and stirred for a further hour, the solid filtered off 

20 and washed with ethyl acetate (3) 0-5°C and dried under vacuum at 60°C to afford the title compound (83%) as a white 
solid. Mpt 178-180°C. 5 (CDCI3): 1.02 (3H, t), 1.30, 3H, t), 1.58 (3H, t), 2.41 (2H, q), 2.55 (4H, m), 3.04 (2H, q), 3.10 
(4H, m), 4.75 (2H, q), 5.69 (2H, s), 7.10 (1H, d), 7.22 (1H, m), 7.63 (1H, m), 8.57 (1H, d), 8.63 (1H, d), 9.02 (1H, d). m/z 
(Found:553 [M+H] + , 100%. C^H^NgC^S requires 553). 

25 dp) 1-Ethvl-4-{5-r3-ethyl-6.7-dirydro 

3-pvridvlsulfonvl)piperazine (Compound lAfrom Compound IIA. X = OEtt 

[0091] 4-{6-Ethoxy-5-[3-ethyl-6,7^ihydro-7-oxo-2-(2^ 

fonyl}-1-ethylpiperazine (IIA) (100g, 0.18mol) was added in one portion to 2-methoxyethanol (600mL) and the reaction 
30 was stirred at ambient for 30 minutes to produce a heterogeneous mixture. To the mixture was added 2-methoxyethyl 
acetate (42.8g, 0.36mol). Potassium f-butoxide (30.52g, 0.27mol) was added in one portion to the stirred reaction mix- 
ture, this was found to produce an exotherm of 20-30°C. The reaction was stirred until a steady temperature was 
obtained. The reaction mixture was heated to reflux temperature (1 15-125)°C and maintained at reflux temperature for 
15 minutes. The temperature at reflux should be 123-125°C, if not, distill off solvent until the temperature is in the 
35 required range and maintain this reflux temperature for 4 hours. The reaction was then cooled to 60°C and the remain- 
ing solvent was reduced under vacuum distillation to a volume of 3ml/g. The viscous solution was stirred and cooled to 
ambient temperature. Water (533mL) was added to the viscous solution and stirred to produce a homogenous solution. 
Water (266mL) and cone hydrochloric acid (25.82g) were premixed and added over 1 hour to adjust the pH of the reac- 
tion mixture from about pH=13 to pH=8. The mixture was cooled from ambient to 0-5°C and stirred for a further hour, 
40 filtered off the solid, washed with water (200mL) and dried under vacuum at 60°C to afford the title compound (98.1 2g, 
92.7%) as a white solid. Mpt 157-158°C. 5 (CDCI3): 1.02 (3H, t), 1.30 (3H, t), 2.40 (2H, q), 2.55 (4H, m), 3.03 (2H, q), 
3.12 (4H, m), 3.55 (3H, s), 3.85 (2H, m), 4.77 (2H, m), 5.66 (2H, s), 7.10 (1H, d), (1H, m), 7.63 (1H, m), 8.57 (1H, d), 
8.62 (1H, d), 8.97 (1H, d). (Found:583 [M+H] + , 100%. C27H35N8O5S requires 583). 

45 Example 2 

1-Ethyl-4-{5-f3-ethYl -6.7-dihydro^ 

pyridylsulfonvllpiperazine (I A) from N-r3-carbamovl-5-ethvl-1 -(2-pvridvlmethvlV1 H-pvrazol-4-vn-2-ethoxv-5-(4-ethvl-1 - 
piperazinylsulfonyhnicotinamide ( Compound IIIA. X = OEtt 

so 

[0092] N-[3-carbamoyl-5-ethyl-1 -(2-pyridylmethyl)-1 H-pyrazol-4-yl]-2-ethoxy-5-(4-ethyl-1 -piperazinylsutfony I) nicoti- 
namide (IIIA) (1 1 .41g, 0.02mol) was added under nitrogen in one portion to 2-methoxyethanol (45mL) and the reaction 
was stirred at ambient temperature for 10 minutes. Ethyl pivalate (6.5g, 0.05mol) was then washed in with 2-methox- 
yethanol (5mL). Potassium terf-butoxide (5.4g, 0.048mol) was added in portionwise over 10 minutes to the stirred reac- 
55 tion mixture, this was found to produce an exotherm (of 20-50°C). The reaction was stirred until a steady temperature 
was obtained. The reaction mixture was a clear pale yellow solution. The reaction mixture was heated to reflux temper- 
ature (115-125°C) and maintained at reflux temperature for five hours. The remaining solvent is then reduced under 
vacuum distillation to a volume of 2ml/g. The viscous solution was stirred and cooled to ambient temperature. Water 
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(70m L, 6mL/g) was added to the viscous solution and stirred to produce a homogenous solution. Dilute aqueous hydro- 
chloric acid was added to adjust the pH of the reaction mixture from about pH=13 to pH=8. This was a slow addition 
over one hour. The precipitated product suspension was ice-cooled and granulated for 1 hour, filtered, washed with 
water and dried under vacuum at 50°C to afford the title compound (9.7g, 83.3%) as a white solid. Mpt 1 57-158°C. 8 
5 (CDCI 3 ): 1 .02 (3H, t), 1 .30 (3H f t), 2.40 (2H, q), 2.55 (4H, m) f 3.03 (2H, q), 3.12 (4H, m), 3.55 (3H, s), 3.85 (2H, m), 4.77 
(2H, m), 5.66 (2H, s) t 7.10 (1H, d), 7.21 (1H, m), 7.63 (1H, m), 8.57 (1H, d), 8.62 (1H, d), 8.97 (1H, d). m/z (Found:583 
[M+H]*, 100%. C 27 H35N a 0 5 S requires 583). 

[0093] The above reaction could also be repeated with different hydroxide trapping agents. If the ethyl pivalate (2.5 
molar equivalents) was switched for 2-methoxyethylacetate (2.5 molar equivalents) or 2-methoxypivalate (2.5molar 
10 equivalents) the resulting yield was 76.3% and 84.8% respectively. 

Example 3 

1- Ethvl-4-(5-r3-ethvl-6.7-dihvdro-7-oxo-2-(2^ 

is pyridylsulfonyl}piperazine (Compound \A) from N-[3-carbamoyl-5-ethyl-1 -(2-pyridylmethyl)-1 H-pyra2Ql-4-yl]-2-ethoxy-5> 
(4-ethyl-1-piperazinylsulfonyl)nicotinamide (Compound MIA. X = OEt) 

[0094] N-[3-carbamoyl-5-ethyi-1 -(2-pyridylmethyl)-1 H-pyrazol-4-yl]-2-ethoxy-5-(4-ethyl-1 -pipe razinylsulfonyl) nicoti- 
namide (IMA) (500g, 0.876mol) was added under nitrogen in one portion to 2-methoxyethanol (2.5L, 5mL/g) and the 

20 reaction was stirred at ambient temperature for 10 minutes. Potassium fe/t-butoxide (236g, 2,103 mol) was added in 
portionwise over 10 minutes to the stirred reaction mixture, this was found to produce an exotherm (of 20-50°C). The 
reaction was stirred until a steady temperature was obtained. The reaction mixture was a clear pale yellow solution. 
Ethyl pivalate (285g, 2.1 90mol) was then washed in with 2-methoxyethanol (0.3L). The reaction mixture was heated to 
reflux temperature (115-125°C) and maintained at reflux temperature for six hours. The remaining solvent is then 

25 reduced under vacuum distillation to a volume of 2ml/g. The viscous solution was stirred and cooled to ambient temper- 
ature. Water (3L, 6mL7g) was added to the viscous solution and stirred to produce a homogenous solution. Dilute aque- 
ous hydrochloric acid was added to adjust the pH of the reaction mixture from about pH=13 to pH=8. This was a slow 
addition over one hour. Methylisobutyl ketone (3L) was then added and the mixture heated to 55°C. The lower aqueous 
layer was separated off whilst the remaining organic layer was washed with warm water (500mL). The organic layer was 

30 taken and 1 L distilled out under vacuum. The remaining solution was cooled to 50°, the resulting precipitate being gran- 
ulated for 1 hour, filtered, washed with methylisobutylketone (1 L) and dried under vacuum at 50°C to afford the title com- 
pound (400.3g, 78.4%) as a white solid. Mpt 1 57-1 58°C. 8 (CDCI 3 ): 1 .02 (3H, t), 1 .30 (3H, t), 2.40 (2H, q), 2.55 (4H, m), 
3.03 (2H, q), 3.12 (4H, m), 3.55 (3H, s), 3.85 (2H, m), 4.77 (2H, m), 5.66 (2H, s), 7.10 (1H, d), 7.21 (1H, m), 7.63 (1H P 
m), 8.57 (1H, d), 8.62 (1H, d), 8.97 (1H, d). m/z (Found:583 [M+H] + , 100%. C 2 7H3 5 N 8 0 5 S requires 583). 

35 

Example 4 

2- Ethoxy-5-(4-ethyl-1 -piperazinvlsulfonyn nicotinic acid (Compound VI A) - Telescoped process in toluene from ethyl 2- 
hydroxy-fi-sulfonlcQtinoate (Compound X A, X = OEt) 

[0095] In a particularly preferred embodiment of the invention compound XA is formed by a telescoped process 
thereby further reducing the overall number of steps to form compound IA from commercially available starting materi- 
als. ...... . .... 

[0096] Ethyl 2-hydroxy-5-sulfonicotinoate (XA) (441 .5g, 1 .79mol) was dissolved in toluene (1 .77L) and thionyl chlo- 

45 ride (1 .06Kg, 8.93mol) and dimethylformamide (71 .3mL) were then added. The stirred suspension was then heated to 
reflux for 3 hours to yield a yellow solution. Thionyl chloride (2.87L) was then distilled with continual replacement with 
toluene (2.1 5L). The pale yellow solution was then cooled to 10°C and a stirred solution of N-ethylpiperazine (198.9g, 
1 .66mol) and triethylamine (392.2g, 3.88mol) in toluene (700mL) added drop-wise over 90 minutes keeping the reaction 
mixture below 1 0°C . The reaction was stirred at ambient temperature for 1 8 hours then washed with water (2 x 700mL) 

so and brine (2 x 350mL). The toluene phase was azeotropically dried by distilling off 1750mL which was continuously 
replaced by dry toluene (l750mL). The remaining brown solution was cooled to 10°C and sodium ethoxide (178.0g, ) 
was added portion-wise keeping the temperature below 10°C. The reaction was then stirred at 10°C for 1 hour then 
allowed to warm to ambient temperature and stirred for 18 hours. Sodium hydroxide (34.9g) dissolved in water (1.5L) 
was then added to the toluene mixture and the 2 phase mixture was vigorously stirred for 1 8 hours at 40°C. Once 

55 cooled to ambient temperature the aqueous phase was separated off. To this was added cone, hydrochloric acid to 
pH=3 which precipitated a light brown solid which was granulated for 2 hour with ice cooling. The precipitate was filtered 
washed with water (300mL) and dried under vacuo at 50°C to afford the title compound (338.4g, 57.4%) as an off-white 
solid. Mpt 206-207°C. 5 (CDCI3): 1.25 (3H, t), 1.39 (3H, t), 2.82 (2H, q), 3.03 (4H, m), 3.25 (4H, m), 4.50 (2H, q), 8.25 
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(1H, d), 8.56 (1H, d). m/z (Found:344 [M+H] + , 100%. C 14 H22N30 5 S requires 344). 
Example 5 

5 (5a) N-[3-caroamoyl-5-ethvl-1-(2-pvrM^ 
nicotinamide (Compound |VA) 

[0097] 5-(4-ethyl-1-pipei^inylsulfonyl)-2-(2-methoxy)nicotinic acid (37.3g, 0.1 mol) was prepared from the free 
base of preparation 29 of PCT/IB/00519 and was charged followed by ethyl acetate (7L, 8mi/g) to the reaction vessel 

w and 2ml/g of ethyl acetate was distilled off at atmospheric pressure to ensure the reaction system was dry. The slurry 
was cooled to room temperature under a nitrogen atmosphere and carbonyldiimidazole (16.87g, 0.104mol) added in 
one portion. The slurry was heated to 35°C and held for 30 mins. The reaction was further heated to 45-50°C and held 
for a further 30mins. The reaction was then heated to reflux, stirring at reflux for one hour. On confirmation of complete 
imidazolide formation the reaction was cooled to 40-43°C under nitrogen and 4-amino-5-ethyl-1-(2-pyridylmethyl)-1H- 

75 pyrazole-3-carboxamide (preparation 40 of PCT/IB99/0051 9; 0.59 Kg, 2. 42m o I) was then charged in one portion before 
returning to reflux and a further 1 ml/g was distilled off at atmospheric pressure. The reaction was stirred at reflux for 
20 hours. The reaction was evaporated to yield an oil which crystallised on standing overnight. The resulting solid was 
dissolved in 5ml/g dichloromethane and washed with 5ml/g water. The organic layer was evaporated to yield the titled 
compound (42g, 70% yield), as a white crystalline solid. Mpt 145-148°C. 5 (CDCI 3 ): 1 .02 (3H, t), 1 .07 (3H, t), 1 .64 (3H, 

20 s), 2.39 (2H, q), 2.51 (4H, t), 2.85 (2H, q), 3.09 (3H, t) 3.40 (3H, s), 3.95 (2H, t) 4.85 (2H, t), 5.34 (1H, s), 5.47 (2H, s), 
6.68 (1H, s). 6.90 (1H, d), 7.23 (1H, m), 7.65 (1H, m), 8.58 (1H, d), 8.64 (1H, d), 8.83 (1H P d), 10.48 (1H, s). m/z 
(Found:600.9 [M+H] + , 1 00%. Ca/HaeNaOeS requires 600.7). 

(5b) l-QtryH^3^thyl-e,7H^^ 
25 methoxyethoxy)-3-pyridylsulfonyl}piperazine (Compound I A) 

[0098] N-[3-carbamoyl-5-ethyl-1 -(2-pyridylmethyl)-1 H-pyrazol-4-yl]-5-(4-ethyl-1 -piperaziny1sulfonyl)-2-(2-methox- 
yethoxy) nicotinamide (4.1 g, 6.8 mmol) was charged followed by 3-methyl-3-pentanol (21 mis, 5ml/g), potassium t- 
butoxide (1.5g, 13.6 mmol) and methoxyethyl pivalate (2.1 8g, 13.6 mmol) in that order to form a solution and then 
30 heated to reflux. After 20 hours at reflux a liquid chromatography sample indicated 70% of the title compound had been 
formed (consistent with reference standard of the title compound which was verified by LCMS) (Found: 582.96 ,100% 
c 27 H 34 N e°5 s requires 582.69). 

Example 6 

35 

(6a) 5-Ethyl-1 -methyl-4-nltro-1 rW-pyrazole-3-carboxamide. 

o 

[0099] A slurry of 3-ethyl-4-nitro-1 H-pyrazole-5-carboxamide (100 g, 0.54 Mol) in acetone (1 L) at room tempera- 
ture was treated with potassium carbonate (1 50 g, 1 .08 Mol) in water (0.7 L) to form a yellow solution. The solution was 
40 then treated with methyl iodide (37 ml, 0.58 Mol) and the reaction allowed to stir.for approximately 48 hours. The reac- 
tion was filtered and the liquors separated discarding the aqueous layer and concentrating the organic phase to precip- 
itate a solid. The slurry was cooled, granulated, filtered and washed with acetone (100 mL). The resultant solid was 
dried under vacuum to yield a white solid, 47.5 g, 39%. m.p. = 1 88°C. S^DMSO-de): 1 .1 9 (3H, t), 2.95 (2H, q), 3.85 (3H, 
s), 8.31 (2H, s t br). m/z = 199 [M+Hf, C 7 H 10 N 4 O 3 requires 198.18. 

45 

(6b) 4-Amino-5-ethyl-1 -methyl-1 H-pyrazole-3-carboxamide (Compound VB). - 

[0100] 5-Ethyl-1-methyl-4-nitro-1H-pyrazole-3-carboxamide (1.0 Kg, 5.05 Mol) was added to (15 L)-IMS and the 
mixture hydrogenated at room temperature, 55 p.s.i. overnight over 5% Pd/C (15% w/w). The catalyst was filtered off 
50 and the filtrate evaporated to yield a solid which was slurried in /so-prdpyl alcohol (750 mL), heated to reflux, cooled to . 
ambient, filtered and washed with /so-propyl alcohol (1 L). The solid was dried in vacuo overnight to yield 529 g, 84.5% 
of an off white to pink solid, m.p. = 155°C. 8 (CDCI 3 ): 1.19 (3H, t), 2.60 (2H, q) t 3.76 (3H, d), 3.96 (2H, s), 5.27 (1H, s) 
6.55 (1H, s). m/z = 169 [M+H] + , 100%, C 7 H 12 N 4 0 requires 168.2. 

55 (6c) A/-(3-Carbamovl-5-ethyl-1 -methyl-1 H-pyrazol-4-yl)-2-ethoxy-5-(4-ethyl-1 -piperazinylsulfonyl)nicotinamide (Com- 
pound |l|B) f 

[0101] 2-Ethoxy-5-(4-ethyl-1-piperazinylsurfonyl)nicotinic acid (1 7.3 g, 0.05 Mol) was charged to the reaction vessel 
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followed by ethyl acetate (137 mL) and 2ml/g was distilled off at atmospheric pressure to ensure the system was dry. 
The slurry was cooled to room temperature under a nitrogen atmosphere and 1,1-carbonyldiimidazole (B.51 g, 52.0 
mMol) added in one portion. The slurry was heated to 35°C and held for half an hour. The reaction was heated to 45- 
50°C and held for a further 30 min. The reaction was then heated to reflux, stirring at reflux for 0.5 hours. On confirma- 

5 tion of complete imidazolide formation the reaction was cooled to 40-43°C under nitrogen and 4-amino-5-ethyl-1- 
methyl-1 H-pyrazole-3-carboxamide (7.98 g, 47.5 mMol) charged in one portion before returning to reflux. A further 1 
ml/g was distilled off at atmospheric pressure. The reaction was stirred at reflux for 6 hours. The reaction slurry was 
cooled and granulated at 1 0-1 5°C for one hour, filtered and washed with 1 ,5 mL/g (2% water in ethyl acetate). The solid 
was dried in vacuo overnight at 50°C to afford 21 .2 g, 90.5% of a white crystalline solid, m.p. = 1 80°C. 8 (CDCI 3 ): 1 .04 

w (3H, t), 1 .24 (3H, t), 1 .59 (3H, t), 2.42 (2H, q), 2.54 (4H, t), 2.91 (2H, q), 3.12 (4H, t), 3.88 (3H, s), 4.79 (2H, q), 5.38 (1 H, 
s), 6.67 (1H, s), 8.66 (1H, m), 8.86 (1H, m), 10.56 (1H, s). m/z = 493.2 [M+H] + , 100%, C 21 H 31 N705S requires 493.5. 

(6d) (fl)-1-Ethyl-4-[3-(3-ethyl-6.7-dihydro^^ 
ethoxv)-5-pyridylsulfonyl]piperazine besvlate salt (Compound IB). 

15 

[0102] 



20 



25 




[0103] A/-(3-Carbamoyl-5-ethyM -methyl-1 H-pyrazol-4-yl)-2-ethoxy-5-(4-ethyl-1 -piperazinylsulfonyljnicotinamide 
(20 g, 40.5 mMol) and (fl)-2-hydroxy-3-methoxy-propane (200 mL) were stirred in the reaction vessel under nitrogen at 

35 ambient temperature. Potassium fert-butoxide (10.9 g, 97.2 mMol) was added portion-wise over 2 min. Ethyl p'rvalate 
(15.4 mL, 0.1 Mol) was added and the reaction was heated to 120°C. Solvent was continuously distilled while further 
ethyl p'rvalate (0.3 Mol) and (fl)-2-hydroxy-3-methoxy-propane was added to maintain the-solvent volume at 200 mL. 
After approximately nine hours the reaction was cooled to ambient temperature and diluted with CH 2 CI 2 (200 mL). The 
pH was adjusted to 8 by slow addition of 6 M HCI (aq). To the resultant suspension was added water (200 mL) and the 

40 organic phase separated. The aqueous phase was extracted with CH 2 CI 2 (2 x 150 mL) and combined organic phases 
were transferred into a separate vessel. The volatile organic solvent was stripped and replaced with ethyl methyl ketone 
(200 mL) and then maintained at 50°C for 30 min. To this solution was added benzene sulphonic acid (7.7 g, 48.6 mMol) 
as a solution in ethyl methyl ketone (80 mL) dropwise. The reaction was stirred at 80°C for 90 min. before ethyl methyl 
ketone (200 mL) was distilled. The resultant slurry was cooled to ambient.tempe rature and granulated overnight. Filtra- 

45 tion, washing with ice-cold ethyl methyl ketone (50 mL) and drying under vacuum afforded (f?)-1 -Ethyl-4-[3-(3-ethyl-6,7- 
dihydro-2-methyl-7-oxo-2H-pyrazoio[4,3-d]pyrimidin-5-yl)-2-(2-methoxy-1-methylethoxy)-5- pyridylsulfonyl]piperazine 
besylate salt, 24.0 g, 79% as a pale yellow solid, m.p. = 212-214°C. 5 (CDCI 3 ): 1.16 (3H, t), 1.25 (3H, t), 1.31 (3H, d), 
2.77 (2H, m), 2.93 (2H, m), 3.15 (4H, m), 3.25 (3H, s), 3.54 (4H, m), 3.82 (2H, d), 4.02 (3H, s), 5.44 (1H, m), 7.28 (3H, 
m), 7.57 (2H, m), 8.36 (1H, m), 8.71 (1H, m), 9.22 (1H, s, br), 11.57 (1H, s, br). m/z Found: 517.91 [M-H] + , 

50 (C^H^NyOsS requires 51 9.63, salt fragments to free base in MS). 

[0104] Thus the yield of final product (I A) when using the hydroxide trapping agent is very good. Furthermore in 
accordance with a preferred embodiment of the invention a material suitable for clinical use can be provided directly. 
[0105] Additionally, in accordance with the invention, the intermediate compounds VII and VI (more particularly 
VIIA, VIA and VIIB, VIB) can be prepared from commercially available starting materials (2-hydroxy nicotinic acid) in 

55 better yield than the corresponding reaction sequence in PCT/IB99/0051 9. For example, compound VII (wherein P and 
X are OEt) is formed in a yield of 14.5% in preparation 18 of PCT/IB99/00519 (i.e. from a reaction sequence of prepa- 
ration 1 ,3,5,7 and 18) whereas the same compound is prepared in a yield of 23% in accordance with the present inven- 
tion (see examples 1g to 1k). More preferably the whole or part of the reaction sequence for the formation of 
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compounds VII and VI can be telescoped together In accordance with the invention to provide an even better yield . 
Thus compound VI (wherein X is OEt) is prepared in a yield of 35% (see example 4 herein). Furthermore, the reaction 
scheme of the present invention is safer and cheaper to operate, and in the case of the telescoped process also 
involves less steps (and processing time). 
5 [0106] In a preferred aspect compounds of formula (l),(IA) and (IB) are prepared from nicotinic acid in accordance 
with Schemes 1 to 3. 

[0107] Thus, in a preferred aspect of the invention there is provided a process for the preparation of a compound of 
formula (I), (IA) and (IB) which process is started by reacting 2-hydroxynicotinic acid or a salt thereof in the presence of 
S0 3 in a solvent to form a compound of formula (XI). 

10 

Claims 

1 . A process for the preparation of a compound of formula (I) 

75 
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30 




wherein 

35 

R is to C 6 alkyl optionally substituted with one or two substituents selected from C 3 to C 5 cycloalkyl, OH, 
to C 4 alkoxy, benzyloxy, NR 5 R 6 , phenyl, furanyl and pyridinyl; C 3 to C 6 cycloalkyl; ^-(C^ to C 4 alkyl)piperidinyl; 
tetrahydrofuranyl or tetrahydropyranyl and wherein said C 1 to C 6 alkyl or said Cj to C 4 alkoxy groups are 
optionally substituted by haloalkyl; : . ^ 

40 

R 1 (which can be linked to either nitrogen of the pyrazole ring) Is to C 3 alkyl, optionally substituted withfphe- 
nyl, Het or a N linked heterocyclic group selected from piperidinyi and morpholinyl and wherein said phenyl 
group is optionally substituted by: to C 4 alkyl which is optionally substituted by haloalkyl or haloalkoxy; or 
Cj to C 4 alkoxy; or halo or CN; 

45 

R 2 is to C 6 alkyl; 
and 

Het is a C-linked 6-membered heterocyclic group containing one or two nitrogen atoms, optionally in the form 
so of its mono-N-oxide, or a C-linked 5-membered heterocyclic group containing two or three nitrogen atoms, 

wherein 

either of said heterocyclic groups is optionally substituted with to C 4 alkyl or to C 4 alkoxy or NHR 7 
wherein R 7 is H, to C 4 alkyl or Cj to C 4 alkanoyl; 

55 

R 3 and R 4 , together with the nitrogen atom to which they are attached, form a 4-R 8 -piperazinyl group optionally 
substituted with one or two C } to C 4 alkyl groups and optionally in the form of its 4-N-oxide; 
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R 5 and R 6 are each independently selected from H and to C 4 atkyl optionally substituted with C 3 to C 5 
cycloalkyl or to C 4 alkoxy, or, together with the nitrogen atom to which they are attached, form an azetidinyl, 
pyrrolidinyl, piperidinyl or morpholinyl group; 

R 8 is H; Ct to C 4 alkyl optionally substituted with one or two substituents selected from OH, NR 5 R 6 , CONR 5 R 6 , 
phenyl optionally substituted with to C 4 alkoxy, benzodioxolyl and benzodioxanyl; C 3 to C 6 alkenyl; pyridinyl 
or pyrimidinyl; 

said process comprising reacting a compound of formula (II), (III) or (IV) in the presence of "OR and a hydroxide 
trapping agent or in the case of compounds of formula (IV) reacting in the presence of an auxiliary base and a 
hydroxide trapping agent (i.e. "OR is substituted by the auxiliary base) wherein X is a leaving group and R 1 to R 4 
are as defined above. 




A process as claimed in claim 1 for the preparation of a compound of formulae (IA) and (IB) 
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(IVB) 



in the presence of "OR and a hydroxide trapping agent, or alternatively in the case of compounds of formula (IVA) 
and (IVB) reacting in the presence of "OR and an auxiliary base wherein OR in the case of formation of compound 
(IA) is CH 3 0(CH 2 )20-, and OR in the case of formation of compound (IB) is (7?>CH 3 OCH2CH(CH 3 )0- and wherein - 
X in formulae (I I A) to (iVA) and formulae (I IB) to (IVB) is a leaving group. 

A process as claimed in claims 1 or 2 wherein the hydroxide trapping agent is an ester. 
A process as claimed in any of claims 1 to 3 wherein the hydroxide trapping agent is an ester of the formula: 

TOC(0)W 

wherein OT is OR or the residue of a bulky alcohol or a non-nucleophilic alcohol orTOH is an alcohol which can be 
azeotropicaily removed during the reaction; and C(0)W is the residue of a carboxylic acid. 

A process as claimed in any one of the preceding claims wherein X is selected from the group consisting of aryl- 
sulphonyloxy, C r C 4 alkylsulphonyloxy, nitro or halo substituted benzenesutphonyloxy, C r C 4 perfluoroalkylsulpho- 
nyloxy, optionally substituted aroyloxy, C r C 4 perfluoroalkanoyloxy, C r C 4 alkanoyloxy, halo; diazonium; 



21 



EP 1 092 720 A2 



primary and secondary alkoxy, oxonium, perchloryloxy, quatenaryammonium C r C 4 alkylsulphonuloxy, halosulpho- 
nyloxy, halonium and diarylsulphonylamino. 

6. A process as claimed in claim 5 wherein X is a C^. e alkoxy. 

5 

7. A process as claimed in any one of the preceding claims wherein "OR is present with an auxiliary base. 

8. A process as claimed in claim 7 wherein the auxiliary base is selected from the group consisting of sterically hin- 
dered base , a metal hydride, metal oxide, metal carbonate and metal bicarbonate. 

w 

9. A process as claimed in claim 8 wherein the sterically hindered base is a metal salt of a sterically hindered alcohol 
or amine. 

10. A process as claimed in claim 9 wherein the reaction is carried out in an inert solvent or ROH or a mixture of both. 

75 

11. A process as claimed in claim 10 wherein the solvent is selected from the group consisting of ROH , a secondary 
or tertiary C 4 -C 12 alkanol, a C 3 -C 12 cycloalkanol, a tertiary C 4 -C 12 cycloalkanol, a secondary or tertiary (C 3 -C 7 
cycloalkyl)C 2 -C 6 alkanol, a C 3 -C 9 alkanone, 1 ,2-dimethoxyethane, 1,2-diethoxyethane, diglyme, tetrahydrofuran, 
1,4-dioxan, toluene, xylene, chlorobenzene, 1 ,2-dichlorobenzene, acetonitrile, dimethyl sulphoxide, sulpholane, 

20 dimethylformamide, N-methylpyrrolidin-2-one, pyridine, and mixtures thereof. 

12. A process as claimed in claim 1 1 wherein the solvent is ROH. 

13. A process as claimed in any of claims 2 to 12 wherein compound (I A) is formed by reaction of compound (II A) or 
25 (IMA): 

a) with 2-methoxyethanol and auxiliary base, optionally in an inert solvent and in the presence of said trapping 
agent; or 

b) with ZO(CH 2 ) 2 OCH 3 and an auxiliary base in 2-methoxyethanol or an inert solvent or both, in the presence 
30 of said trapping agent; or 

c) with ZO(CH 2 ) 2 OCH 3 and 2-methoxyethanol or an inert solvent or both, in the presence of said trapping 
agent, and wherein Z is a metal. 

14. A process as claimed in any of claims 2 to 12 wherein compound (IB) is formed by reaction of compound (IIB) or 
35 (IIIB): 

a) with (R) -CH 3 OCH 2 CH(CH 3 )OH and auxiliary base, optionally in an inert solvent and in the presence of said 
trapping agent; or 

b) with (R) -CHaOG^CHfCH^OZ and an auxiliary base in {R) - CH 3 OCH 2 CH(CH 3 )OH or an inert solvent or 
40 both, in the presence of said trapping agent; or) 

c) with (R) -CH 3 OCH 2 CH(CH 3 )OZ and (R) -CH 3 OCH 2 CH(CH 3 )OH or an inert solvent or both, In the presence 
of said trapping agent, and wherein Z Is a metal. 

15. A process as claimed in any of the preceding claims wherein a compound of formula (III) is formed by coupling a 
45 compound of formula (V) with a compound of formula (VI) or a salt thereof. 

16. A process according to claim 15 wherein a compound of formula (VI) or a salt thereof is formed from a compound 
of formula (VII) 

so 
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(a) for a compound formula (VI) wherein X is arylsulfonyloxy, C r C 4 alkylsulfonyloxy, C r C 4 perfluoroalkylsulfo- 
nyloxy, aryloxy, C r C 4 perfluoroalkanoyloxy, Cj-C 4 alkanoyloxy, quarternaryammonium C r C 4 alkylsutfonyloxy 
or halosutfonyloxy, comprising reacting a compound of formula (VII) wherein Y and V are OH in the presence 
of an appropriate sulphonylating, arylating or acylating agent of X; 

(b) for a compound of formula (VI) wherein X is CI, comprising reaction of a compound of formula (VII) wherein 
Y is CI and V is P and P is a protecting group, with a deprotecting agent; 

(c) for a compound of formula (VI) wherein X is diazonium, comprising reacting a compound of formula (VII) 
wherein Y is NH 2 , V is OH with nitrous acid ; 

(d) for a compound of formula (VI) wherein X is (diarylsulfonyl)amino comprising reacting a compound of for- 
mula (VII) wherein Y=NH 2 and V=OH in the presence of an appropriate sulphonylating agent; 

(e) for a compound of formula (VI) wherein X is OR which is C v6 alkoxy, comprising reacting a compound of 
formula (VII) wherein V is P where P is a protecting group and Y is a C^ primary or secondary alkoxy with a 
deprotecting agent. 

A process for the preparation of compounds of formula (VII) as shown in claim 1 6 from compounds of formula (VIII) 
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COP 



(VIII) 



wherein D is CI or Br and P is a protecting group, 

(a) wherein for compounds of compound (VII) wherein Y is OH and V is OH, comprising reacting a compound 
of formula (VIII) with a hydrolising agent and optionally a further deprotecting agent where P is not deprotected 
by the hydrolysing agent; 

(b) wherein for compounds of formula (VII) wherein Y is NH 2 and V is OH, comprising reacting a compound of 
formula (VIII) with an ammoniating agent to form an intermediate compound of formula (VII) wherein Y is NH 2 
and V is P (a protecting group) and the reacting said intermediate (VII) with a deprotecting agent; and 

(c) wherein for compounds of compound (VII) wherein Y is OR which is a alkoxy and V is P, comprising 
reacting a compound of formula (VIII) in the presence of "OR; 

18. A process for the preparation of a compound. of formula (VIII) according to claim 17 comprising reaction of com- 
pounds of formula (IX) in the presence of an amine NH(R3)(R4) wherein R 3 and R 4 are as defined in claim 1 , 



19. A process for the preparation of a compound of formula (IX) according to claim 18 comprising reacting a compound 
of formula (X) with a chlorinating or brominating agent 




S0 2 D 
(IX) 



COP 



wherein D and P are as defined in claim 1 7. 
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COP 



S0 3 H 



(X) 



wherein P is as defined in claim 1 7. 



20. A process according to claim 19 for preparation of a compound of formula (X) comprising reacting a compound of 
formula (XI) in the presence of an agent which will form a protecting group (P) on the carboxylic acid 



21. A process according to claim 20 for the preparation of a compound of formula (XI) comprising reacting 2-hydroxyn- 
icotinic acid or a salt thereof in the presence of S0 3 in a solvent. 

22. A process according to claim 21 wherein the S0 3 is in an aprotic solvent , a mineral acid, or a liquid carboxylic acid. 

23. A process according to any one of claims 16 to 22 wherein the compounds of formula (VI), (VII) and (VIII) are (VIA), 
(VIIA) and (VINA) respectively V ^ 




C0 2 H 



SO3H 

(XI) 
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(VIHA) 

30 

wherein X is a C^q alkoxy, D and P are as defined in claims 16 and 17 , and the compounds (VIA) and (VIIA) are 
formed according to claim 16(e) and claim 17( c) respectively and compound (VIHA) is formed according to claim 
1 8 by reacting compound (IX) with N-ethyl piperazine or a salt thereof. 

35 24, A process according to claim 23 wherein X is OEt and the compound (VIA) is formed by reaction of compound 
(VIIA) with a deprotecting agent , and compound (VIIA) is formed by reaction of compound (VIHA) in the presence 
of OEt. 

25. A process according to claims 23 or 24 wherein compound (X) is formed by reacting compound (XI) or a saltthereof 
40 with ethanol to form a protecting group OEt 

26. A process according to any one of claims 23 to 25 wherein two or more consecutive steps in the formation of (VIA), 
(VIIA) or (VMIA) are carried out in toluene and telescoped together in a single telescoped step without intermediate 
isolation. 

45 * 

27. A process according to any one of the preceding claims for the preparation of a compound of formula (I), (lA) or (IB) 
comprising starting from commercially available 2- hydroxy nicotinic acid or a salt thereof and reacting in the pres- 
ence of S0 3 in a solvent to form a compound of formula (XI). 

so 28. A compound of the general formula (IV): 
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10 



15 




wherein R is as defined in daim 1 with the proviso that R 1 is not (pyridin-2-yl)methyl when R 2 is n -propyl and R is 
2-methoxyethoxy and N and R 3 and R 4 together represent 4-ethylpiperazin-1 -yl. 

29. Compound (IVA): 



30 



35 




40 



45 30. Compound (IVB): 



50 
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